A b s t r a c t Objective: The aim of this study was to determine whether physician offices located in highminority and low-income neighborhoods have different levels of access to information technology than offices located in lower-minority and higher-income areas.
Several minority groups in the United States have worse health than the overall U.S. population, and these disparities cannot be explained by biological differences. 1 Hispanics, for example, have higher rates of high blood pressure and obesity than non-Hispanic whites, and they are twice as likely to die of diabetes mellitus. 2 Studies have also found that disadvantaged minority groups are less likely to receive necessary procedures when they are indicated. 3 Persons living in areas of greater poverty also receive less adequate medical care and have worse health outcomes. 4 Online services may help patients improve their health by supporting their self-care activities directly and by improving their communications with health care providers. [5] [6] [7] [8] [9] [10] [11] [12] [13] Access to online services is more limited, however, among disadvantaged segments of the U.S. population, a disparity referred to as the digital divide.
14 The September 2001 U.S. Current Population Survey found that 60% of whites and Asian/Pacific Islanders were users of the Internet from at least one location; however, for blacks and Hispanics these proportions were 39% and 32%, respectively. 15 For Hispanics who live in households in which Spanish is the only language spoken, the proportion using the Internet was 14%. To the extent that Internet services play a role in patients' health, the digital divide could result in greater health benefits for the less-disadvantaged populations that have Internet access, thus, potentially widening the health disparities that exist today. Although some online services have targeted disadvantaged patient populations, 16 ,17 significant additional investments would likely be needed to bring these populations online.
Online services targeted to health care providers may also improve patient health by improving the quality of care providers are capable of delivering. 18 Several online initiatives have specifically targeted rural physicians, [19] [20] [21] and users of one such initiative perceived that it helped them to avoid adverse events. 21 Surveys of nationally representative physician samples have shown that physicians' current use of the World Wide Web increased from 37% in 1999 to 70% in 2000 and to 78% at the end of 2001. 22 In the most recent of these surveys, access was not strongly related to physicians' age-65% of physicians aged 60 years or older were Web users. Thus, although most physicians are frequent users of the Web, perhaps one fifth remain nonusers, and the penetration among this group may be slowing.
It is not known whether physicians who practice in disadvantaged communities can access the Internet to the same extent as their peers. The structural factors that prevent physicians from delivering the highest-quality care in these communities may also reduce their opportunities for Internet access. If there is a digital divide among physicians, and if online systems for physicians prove highly effective for improving patients' health, then these systems might worsen socioeconomic health disparities unless companion efforts are undertaken to ensure equal access. However, if physicians in disadvantaged communities already have equitable Internet access, then they may be ready for online initiatives aimed specifically at reducing health disparities.
This study used a survey of physicians' offices in Orange County, California, to test the hypothesis that those offices located in areas with larger poor and minority populations have less access to online resources than offices located in wealthier, predominantly white neighborhoods. We also sought to compare attitudes toward online systems among offices in these different neighborhood locations. Orange County's minority populations include large numbers of Hispanic persons and also a large group of Vietnamese immigrants, many of whom lack health insurance and are medically underserved. 23, 24 The county also includes neighborhoods with concentrated poverty, but it lacks a substantial black population.
Methods

Survey Development
CalOptima, the county-organized health system that administers Medicaid for Orange County, California, conducted a survey to assess the readiness of physicians' offices to participate in an online childhood immunization registry. CalOptima serves approximately 150,000 members under age 21, and about 80% of pediatric primary care providers in Orange County participate in its programs. Survey questions assessing offices' needs for, attitudes toward, and technology available for online patient tracking were drafted by HLN Consulting, a firm with experience advising community physicians' offices on information technology. The draft survey was refined based on feedback from local representatives of the American Academy of Pediatrics and the Orange County Health Care Agency and from two focus groups. To improve the survey's focus on barriers to immunization tracking, a presentation and facilitated discussion was held with 29 members of the Orange County Immunization Coalition, a group that represents more than 40 local organizations committed to improving the immunization rates of Orange County children. To further tailor the questions for Orange County practices, a second focus group was held with 14 physicians, nurses, and office managers from a range of both small and large practices in Orange County. The Appendix shows the final survey, which was designed to be completed by a physician-manager, a nursemanager, or an office manager, in consultation with other office staff, as appropriate. In answering questions about the technology being used in the office, respondents were instructed to consult with any information technology staff. However, for many offices, information technology is managed by a knowledgeable individual in the office or by an outside consultant, rather than by any dedicated staff.
Data Collection
The final survey was mailed in March 2001 to all physicians' offices in Orange County that contract with CalOptima for the primary care of pediatric patients, including family and general practitioners as well as pediatricians. Practices that had participated in the final focus group to develop the survey were included. Responses could be submitted by returning the paper form by mail or by fax or by filling out the form online. Respondents were offered their choice of a $25 office-supply gift certificate or a gourmet dessert gift basket. In addition, online respondents were entered into a drawing for a $1,000 office-supply gift certificate. A reminder postcard was sent ten days after the initial survey mailing. Each office that had not responded by two weeks after the initial mailing was telephoned. An additional copy of the survey was faxed to offices if, during the telephone call, staff in the nonresponding office could not readily find the original survey. Offices that had not responded after an additional week were called a second time.
Analysis
Using 2000 Census data, the 577 census tracts in Orange County, California, were categorized based on the ethnicity, race, and income of their residents. For each characteristic, four ordinal categories were used. Thus, for example, each tract was assigned to Hispanic category 1, 2, 3, or 4, where category 1 contains the tracts having the lowest proportion of Hispanic residents, and category 4 contains the tracts having the highest proportion of Hispanic residents. The category boundaries were determined using an iterative application of the goodness of variance fit (GVF) method for minimizing variance within classes. This procedure, also known as Jenks optimization, determines the class groupings that produce optimally homogeneous groups, based on the number of classes chosen. 25 Thus, each of the four Hispanic population categories has the minimum possible within-class variance and the maximum distance between classes. We chose to use four levels because this number of categories provided an adequate chance of detecting a trend while keeping the tracts within each category relatively contiguous geographically. Census tracts are designed to contain approximately 5,000 residents, and they represent smaller areas than postal zip codes.
Because Orange County has only a small black/AfricanAmerican population, census tracts were not classified based on the percent black. However, Orange County has a large population of Vietnamese immigrants, many of whom lack health insurance and are medically underserved. 23, 24 Census tracts were therefore categorized based on the proportion of nonwhite residents (defined as the sum of black, Asian, American Indian, Hawaiian/Pacific Islander, other, and mixed-race residents), using the GVF algorithm. Finally, the same method was used to classify census tracts based on the proportion of households having a median income below the federal poverty level.
The Census tract location of each office surveyed (both respondents and nonrespondents) was determined by geocoding based on the office's address. First, the geographic coordinates of offices were determined using the geocode function of the ArcView geographical information system (GIS) software (ESRI, Redlands, CA). Addresses that did not automatically match during batch processing with ArcView were geocoded manually using detailed paper street maps. The GIS software then was used to link the coordinate location of each surveyed office to the Census tract in which the office was located.
Attitudinal scales were constructed using the following procedure, which has been termed multitrait scaling analysis.
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Each attitudinal item was hypothesized to assess one of the following coherent scales: offices' DIFFICULTY tracking patient information, their INTEREST in having online clinical information systems, and their CONCERNS about online clinical systems. Each respondent's score for each scale was calculated as the mean response among hypothesized items. To ease human interpretation, the scales were adjusted to range from 1 to 10 by multiplying the mean item response, which ranged from 1 to 4, by a factor of 2.5. Scale scores were considered missing if more than half of their component items were unanswered. To look for items that did not fit with the hypothesized scale or that might better fit with a different scale, we examined correlation coefficients for each individual item compared with each of the three hypothesized scales.
Those that correlated poorly with any of the scales were to be considered for exclusion, and those that correlated with a scale other than the hypothesized one were to be considered for inclusion in that alternative scale, depending on the item content.
Statistical tests of association for contingency tables were the x 2 test and, where expected cell counts were low, Fisher's Exact test. We used the Cochran-Armitage test for trends in binomial proportions across levels of ordinal categories 27, 28 and the Wilcoxon rank-sum test for differences in scale scores among groups. 29 Internal consistency of scales was calculated using Cronbach's alpha. 30 Statistical calculations were carried out in SAS, version 8 (SAS Institute, Cary, NC).
Results
In the 2000 Census, Orange County's 2.8 million residents had a racial composition of 65% white, 14% Asian, 2% black, 0.7% American Indian, 0.3% Hawaiian/Pacific Islander, 15% other race, and 4% mixed-race. Their ethnic composition was 31% Hispanic and 69% non-Hispanic. Their median household income was $58,820, per capita income was $25,826, and their overall poverty rate was 10.3%. In comparison, the 2000 Census found that the overall U.S. population was 75.1% white, 4% Asian, 12% black, 0.9% American Indian, 0.1% Hawaiian/Pacific Islander, and 5.5% other race. Hispanic ethnicity was 13% nationally. The national median household income was $41,994, per-capita income was $21,587, and the poverty rate was 12.4%. Thus, Orange County is somewhat wealthier than the nation as a whole, it has Hispanic and Asian persons significantly overrepresented, and it has black persons significantly underrepresented.
The GVF analysis of the Hispanic population densities among census tracts resulted in census tract-category boundaries at 19.4%, 39.7%, and 67% ( Table 1) . As a result, the two lowerHispanic groups included census tracts having 0-19.3% and 19.4-39.6% Hispanic residents, and the two higher-Hispanic groups included tracts having 39.7-65.4% and 67.9-97.5% Hispanic residents. Geographically, the higher-Hispanic tracts were clustered in north-central areas of the county (Fig. 1a) . The GVF algorithm produced boundaries for nonwhite categories at 18.0%, 32.3%, and 50.5%, and boundaries for poverty categories at 6.3%, 13.1%, and 23.6%. The geographic distributions of the higher-nonwhite and the higher-poverty categories also show significant clustering in areas that partially overlap with the higher-Hispanic areas ( Fig. 1 a through c; Fig. 1b and 1c are located in an online data supplement at www.jamia.org). Table 1 shows that the higher-Hispanic, higher-nonwhite, and greater-poverty areas had markedly greater population densities and lower percapita incomes (p , 0.0001 for each correlation).
The 307 Orange County physicians' offices surveyed were located in 168 of the census tracts. Table 1 shows that substantial numbers of offices were located in the higherHispanic, higher-nonwhite, and higher-poverty areas. Of the 307 offices, 141 offices completed the survey (a 46% response rate). Among the responding offices, 72 (51%) returned the survey without any telephone call, 52 (37%) returned the survey after one phone call, and 17 (12%) returned the survey after two calls. The survey was completed online by 38 offices (27%), with the remainder completing the paper survey and returning it by mail (56 offices, 40%) or by fax (47 offices, 33%). Among the 166 offices that did not complete the survey, all but three were reached at least once by telephone. Table 2 compares the characteristics of responding offices with those of nonresponding offices. General practitioners and offices having one to two physicians were slightly less likely to respond than were pediatricians and larger offices. However, Cochran-Armitage tests showed no trends in response rate by office location.
The questions on information technology available in the office were answered by 140 of the 141 responding offices. Of these, 132 (94%) had at least one computer in the office, 108 (77%) had Web access in the office, and 40 (29%) had Table 1 , with the darkest shades representing the highest-numbered categories. The location of each physician office surveyed is shown as a point on the map. Figures 1b and 1c are online data supplements at www.jamia.org.
broadband Internet access (cable modem, DSL, T1, or higherspeed connection in the office). Table 3 shows that offices located in areas with greater minority populations and higher poverty had computers, Web access, and broadband Internet access as frequently as offices in predominantly white and wealthy areas. Cochran-Armitage tests showed no trends in Web access by office location. Among the 140 responding offices, the following specific uses of the Internet were reported: online shopping (23%), insurance eligibility checking (33%), authorization requests (21%), claims submission (24%), patient management/contact (16%), research (42%), and maintaining a practice Web page (21%). As shown in Table 3 concerns about the confidentiality and security of online health information systems, had a Cronbach's alpha of 0.91. Figure 2 shows the strongly non-normal distribution of each attitudinal scale score among the responding offices. On average, offices expressed moderate DIFFICULTY with current systems, high INTEREST in online systems, but also high levels of CONCERNS about online systems. The INTEREST and CONCERNS scales were positively correlated (r = +0.23, p = 0.008), but the difficulty scale was not correlated with either of the other scales. None of the scale scores were associated with the race/ethnic or income characteristics of the census tracts in which the offices were located. Table 4 shows that offices with Web access and those with practice management systems had significantly greater INTEREST in online patient information systems, yet they also had greater CONCERNS about the security and confidentiality of online patient information systems. These office features were not, however, associated with having more or less difficulty tracking patient information using current systems.
Discussion
Web-based clinical applications hold the promise of systematically improving health care, 31 but they could increase health disparities if physicians caring for disadvantaged segments of the population have less access. We hypothesized that physicians who practice in disadvantaged areas would have less access to the Internet and other technology resources than their peers located in wealthier, predominantly white communities. However, the study found that physician offices located in the poorest and highest-minority neighborhoods have Internet access that equals the access enjoyed by offices located elsewhere in the county. Among these offices in the county's most disadvantaged areas, about 80% had some form of Web access, a proportion that is consistent with the 2001 national survey finding that 78% of physicians were current users of the Internet. 22 In addition, we found that nearly a third of offices with Internet access had broadband rather than modem access, even in the most disadvantaged communities.
Although access to information technology was high, our data indicate that computers and the Internet were being used less for clinical purposes, such as immunization tracking, than they were for administrative purposes, such as practice management and insurance eligibility checking. Nonetheless, most offices expressed a high level of interest in new online clinical systems, despite also expressing high levels of concern about these systems. The finding that offices with Web access or a practice management system had greater interest in online clinical systems could have two opposite explanations. Preexisting interests might have led to the adoption of these systems or the experience of having these systems might have led to a greater awareness of the possible benefits from clinical applications. However, preexisting attitudes would not be a likely explanation of the finding that offices with Web access or a practice management system had greater concerns about online clinical systems. Instead, the finding of greater concerns would more likely be due to a greater awareness of risks among those having more experience. In addition, Orange County is wealthier than the typical large, urban county, and African Americans are severely underrepresented. Nonetheless, the county has areas with high poverty rates and large disadvantaged minority populations. Orange County also differs from many other counties in that a county-organized managed care plan (CalOptima) administers its Medicaid program. If this arrangement has offset the disadvantages of practicing in the poorest neighborhoods, then findings from Orange County might not be reproduced elsewhere. However, all CalOptima providers accept a mix of payer types, so those in wealthier neighborhoods probably retain a more favorable payer mix. Furthermore, CalOptima had not offered any specific incentives for Web use, so physicians in the county's most disadvantaged areas had adopted Internet access for their own reasons, which would likely be similar to the motivations for any physician.
Overall, our findings of high Internet access and high interest in online systems among offices located even in the poorest and highest-minority neighborhoods suggests that physicians' offices can provide a bridge across the digital divide, enabling Web-based health services that directly address health disparities. Additional studies are needed to determine whether these findings are true for other areas of the nation, including rural areas and more traditional urban areas. Further studies also are needed to determine why a minority of physicians' offices have lagged in adopting Web technologies.
